In order to estimate the absolute energy scale of our 2D model it is not possible to resort to experimental observables. However, a comparison may be performed with the previous quantum-mechanical DFT energies for amorphous 2D-silica. The details of the DFT analysis can be found in Ref. 1. A 360 particle system with four different ring-size distributions was optimised at constant volume. This corresponds to 150 particles on the surface. The average energy of these structures was approx. -2840 eV. In contrast, as can be seen from Fig.4 (main paper) the average energy for our 2D-silica model with 80 particles is approx. -27. Thus, the energy scale is approx. (2840/150)/(27/80) eV ≈ 56 eV.
Finite size effect
We have simulated a 200 particle system at T * = 0.015 to see if any finite size effect is present. We samples about ∼ 1400 defect free structures from about 7 · 10 4 overall structures with about 2 % probability. This shows how fast the probability of sampling defect free structures decreases with system size. We compared P triplet e f f for the 200 and 80 particle system. As shown in Fig. 1 , the results for 200 particles and 500 particles, respectively, for the effective triplet probabilities compare extremely well with our results for the 80 particle system. Since we have just a single configuration for the 500 particle system, the correlation is slightly reduced due to statistical noise. As explained in the paper ( section VII.i.), P triplet e f f represent the inherent stability of the triplets, irrespective of the ring distribution. Therefore we can assert that finite size effect is not present in our model system except for probability of finding defect-free states. Fig. 1 The comparison of effective triplet probabilities for 80 particle and 200 particle systems. All triplets which have P predicted i jk > 0.01 as well as P i jk > 0.01 for both 80 particle and 200 particle are marked in red. The correlation coefficient is calculated for the red points only.
Fig. 2
The comparison of effective triplet probabilities for 80 particle and 500 particle systems. All triplets which have P predicted i jk > 0.01 as well as P i jk > 0.01 for both 80 particle and 500 particle are marked in red. The correlation coefficient is calculated for the red points only.
Fig. 3
The comparison of ring probabilities for 200 particle and 500 particle systems with 80 particle systems, at T * = 0.015.
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Different sets of experimental data / Unconvoluted numerical data
We have compared two different methods of generating 2D-silica coordinates as discussed in the main part in section II. Except for the first peak of the pair correlation function, the rest of the comparison in Fig. 4 and Fig. 5 gives very similar results. The data are compared with the unconvoluted numerical data. Experimental ring probabilities corresponding to 2D-silica, experimental data collected from Ref. 3 . The errorbars for the model system were calculated by dividing the frames into M=34 continuous sets, each with N=2500 subsets. For each set, the ring probabilities (P m r ) for each rings were calculated. The standard error of the mean for each rings were calculated as,
For the experimental structure, we divided the datasets into 9 blocks with equal area. As shown in Fig. 9 (main paper) only rings with no open edge were taken into account. The ring-size distribution for each set were calculated and errorbars were determined from Eqn. 1. I  1  10  12  1  4  1  II  1  7  18  4  2  0  III  0  10  13  4  2  0  IV  4  12  12  9  6  0  V  2  9  31  13  1  0  VI  1  14  18  5  5  1  VII  1  8  7  5  1  0  VIII  2  9  17  4  2  0  IX  0  8  13  6  1  0  Total count  12  87  141  51  24  2 Experimental duplet and triplet probabilities corresponding to 2D-silica, experimental data collected from Ref. 3 . Original datasets were filtered for ring sizes between 4 and 9. Errorbars were calculated similarly as rings using Eqn. 1. Triplets and duplets were assigned to the respective boxes in which the corners and major part of the edges reside.
Duplets
Fig. 6
Comparison of duplet distribution. The inset shows how a 'duplet' of rings was selected from a network ( green = Si, red = Ox • 2D-silica, experimental data collected from Ref. 
Sample Coordinates
The only structure we have sampled so far with 500 particles at T * = 0.015 is given in the main paper ( Fig. 3 ) . Although the ring distribution is symmetrical as compared to lognormal in experimental, the structural properties like g(r) and angle distribution is same as 80 particle system.
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